The estimation of population mean in systematic sampling is explored. Properties of a ratio and product estimator that have been suggested in systematic sampling are investigated, along with the properties of double sampling. Following Swain (1964), the cost aspect is also discussed.
Introduction
Systematic sampling is one of the simplest sampling procedures adopted in practice and is operationally more convenient than simple random sampling. Apart from the simplicity of its concept and execution, systematic sampling is likely to be more precise than simple random sampling and even more precise than stratified sampling under certain specific conditions. In sample surveys it is common to use of auxiliary information to increase the precision of estimates of population parameters. The ratio method of estimation is a good example in this context; the ratio method of estimation is consistent, biased and gives more reliable estimates than those based on simple averages (Cochran, 1963) .
If an auxiliary variate x positively (high) correlated with the study variate y is obtained for each unit in the sample and the where y and x are the sample means of the study variate y and the auxiliary variate x respectively, that is, the simple averages of y and x based on the sample.
If the auxiliary variate x is negatively (high) correlated with the study variate then the classical product estimator for population mean Y of the study variate y is defined by , P x y y X = (1.2) which was first developed by Robson (1957) and later rediscovered by Murthy (1964) . Bahl and Tuteja (1991) Under the SRSWOR sampling scheme
(1.9) Hasel (1942) and Griffth (1945-46) found systematic sampling to be efficient and convenient in sampling from certain natural populations like forest areas for estimating the volume of timber. In the case of estimating the volume of timber the leaf area or the girth of the tree may be taken as the auxiliary variable (Swain, 1964) .
The properties of the ratio estimator R y under systematic sampling have been discussed by Swain (1964) 
Suggested Estimator
Assuming the population mean X of the auxiliary variate x is known, Swain (1964) suggested the ratio estimator of population mean Y of the study variate y based on the systematic samples as 
Assuming the intraclass correlation to be the 
To obtain the biases and variances of the estimators sy y Re and Pesy y , 
are the population coefficients of variation of y and x respectively. 
Taking the expectations of both sides in (2.13) and using the results given by (2.12) the bias of the ratio estimator sy y Re to the first degree of approximation is obtained as
Squaring both sides of (2.13) and neglecting terms of s e' having power greater than two results in
Taking the expectations of both sides in (2.15) and using the results given by (2.12) provides the variance of the modified ratio estimator sy y Re as 
Squaring both sides of (2.19) and neglecting terms of s e' having power greater than two results in:
Taking the expectations of both sides in (2.22) and using the results given by (2.12) provides the variance of the modified product estimator . From (2.6) and (2.16) 
It follows from (2.33) and (2.34) respectively that the proposed modified product estimator Pesy y is more efficient than (2.39)
Modified Estimators in Systematic Sampling: Two-Phase (or Double) Sampling
If the population mean X of the auxiliary variable x is not known before start of the survey, then it may be more efficient to conduct the sampling in two-phase (or double) sampling by taking a large preliminary sample to estimate the population mean X . This method is a powerful and cost effective (economical) procedure and, therefore, has role to play in survey sampling (Hidiroglou & Sarndal, 1998; Hidiroglou, 2001) .
In the present situation the population is divided into k clusters of n units each according to the previous rule and λ clusters ( λ being less than k ) and selected to observe only the auxiliary variate x , while another cluster is selected to observe both y and x variates (Swain, 1964) . If x is the mean of the s x' from the selected λ clusters, then 1 1 1 ,
, that is, x′ is an unbiased estimator of the population mean X .Swain 
Following Bahl and Tuteja (1991) and Singh and Vishwakarma (2007) 
